Objectives: Data about the psychosocial side effects of directacting antiviral agents (DAA) used for the treatment of hepatitis C virus (HCV) infection is scarce. In this study, it is aimed to assess the psychiatric and sexual effects of ledipasvir/sofosbuvir (L/S) combination and paritaprevir-ritonavir-ombitasvir-dasabuvir (PROD) combination in patients with HCV infection.
Introduction
Hepatitis C virus (HCV) infection is one of the leading causes of chronic liver disease and there are approximately 71 million chronically infected individuals globally (1, 2) . The prevalence of HCV infection varies from country to country. For Turkey, findings of Tozun et al. (3) revealed anti-HCV positivity in 1% of the adult population. Genotype 1b is the most common HCV genotype in Turkey (4, 5, 6, 7) .
Hepatitis C treatment showed significant changes over the years. Sustained viral response (SVR) rates of up to 99% have been reported with combinations of direct-acting antivirals (DAAs) (8, 9) . The use of sofosbuvir/ledipasvir (S/L) and paritaprevir-ritonavirombitasvir-dasabuvir (PROD) combinations was approved by the FDA in 2014 (10) and reimbursement started in 2016 in our country (11) .
Interferon treatment has many psychiatric side effects such as irritability, anger, anxiety, emotional instability, fatigue, sleep disturbances and severe depression (12, 13, 14) . DAAs are assumed to provide higher cure rates with fewer side effects. The most common reported side effects for L/S are fatigue, headache and nausea (9) , and for PROD are insomnia, rash, redness of the skin, itchy skin, swollen throat, face, tongue, lips, hands, feet, ankles, or lower legs, weakness, and confusion (15) . In ION and PEARL studies which establish safety and efficacy for L/S and PROD respectively, no psychiatric serious adverse events were reported (9, 16, 17) . Insomnia and irritability were among the common adverse events for both. In a recent study, anxiety (7.1%), depression (12.6%) and insomnia/sleep disorders (14%) were reported among the DAArelated adverse events (18) . The rate of psychiatric disorders in the DAA group was identical to those observed in the placebo group in that study. In most of the clinical trials of DAAs, anxiety, depression or sexual side effects were not specifically focused. Sundberg et al. (19) published the first study that monitored psychiatric adverse effects of daclatasvir, sofosbuvir and simeprevir in a sample of 17 patients. They found that DAA treatment did not increase depressive symptoms or sleep disturbance with a high SVR of 88%. Gallach et al. (20) evaluated anxiety and depression status of 145 DAA-treated patients by Hospital Anxiety and Depression scale (HADS) (21) in their prospective study. They reported that anxiety and depression scores did not change during the follow-up period (treatment period and 12 weeks after). In a study sample of veterans with and without mental health diagnosis, there was no change in depression scores evaluated by the Patient Health Questionnaire, from baseline to end of the treatment (22) . No psychiatric decompensation was reported while using DAA in that study.
For sexual side effects, Lenz et al. (23) reported a case of acute onset sexual dysfunction within the first month of the S/L treatment. Besides, it is known that HCV infection is strongly associated with sexual health issues. Karaivazoglou et al. (24) defined three patterns of sexual dysfunction in HCV-infected patients: pre-cirrhotic sexual impairment, cirrhosis-induced sexual decline and interferon-associated sexual difficulties.
Considering the paucity of studies in the field of psychiatric effects of DAA, we planned our study. We aimed to evaluate the psychiatric and sexual effects of S/L and PROD combinations that have recently been used in patients with chronic HCV infection.
Materials and Methods
This retrospective study was performed by the collaboration of the Ege University Hospital, Clinic of Infectious Diseases and Clinical Microbiology and Clinic of Psychiatry. The sample consisted of patients who were diagnosed with HCV infection and received PROD or L/S treatment. The physicians had decided to initiate DAA treatment in accordance with the guidelines. The duration of treatment was 12 weeks for PROD and, 12 or 24 weeks for L/S treatment depending on viral genotype and fibrosis stage. For this study, a negative test for HCV RNA at 12 weeks post-treatment was defined as SVR.
During their DAA treatment, anxiety and depression level of the patients was assessed by HADS (21) . Besides, sexual side effects were evaluated by the Arizona Sexual Experiences scale (ASEX) (25) . The patients filled the questionnaires at the baseline and first-, third-and sixth-month visits. In the adaptation and reliability studies of these scales for the Turkish population, 7 was found to be the cut-off score for depression subscale and 10 was found to be the cut-off score for anxiety subscale of the HADS (26); and 10 for the ASEX (27) . Scores higher than these cut-off points were defined as depression risk, anxiety disorder risk and sexual dysfunction.
In this retrospective study, PROD or L/S treated patients' demographic data, anxiety and depression scores, sexual experience scores and data about HCV infection were collected. Patients gave consent to the use of their data. We have obtained approval for the study from the Infectious Diseases and Clinical Microbiology Department of Ege University. 
Statistical Analysis

Results
During the study period, 42 patients were started DAA treatment ( Figure 1 ). The average age of the sample was 56.64±12.04 years. Twenty-five (53.2%) of them were female. In the study sample, genotype 1b was present in 36 (85.7%) patients, genotype 1a in three, genotype 4 in two (4.8%) patients and, one patient had genotype 1 (2.4%), however, subclassification was not performed. Nine (21.4%) patients had cirrhosis. Twenty (47.6%) patients were previously treated with another treatment regimen, and 19 (45.2%) were treated with an interferon-based treatment. Viral load declined to 0 in all patients during the treatment period. Thirty-five (83.3%) patients achieved SVR, one (2.4%) patient was reinfected by another genotype and data of six (14.3%) patients about SVR are missing.
There was no significant correlation between baseline viral load and baseline depression, anxiety and ASEX scores. Most of the patients had not filled in the questionnaires completely. The flowchart of the patients is provided in Figure 1 . Among 42 patients, who were started PROD or L/S, 23 patients completed HADS questionnaire at baseline and at least in one of the following visits within six months. Among these 23 patients, four (36.4%) patients using PROD and seven (55.6%) patients using L/S were female. The average age of PROD group was 53.55±10.11 and of L/S group was 59.17±11.91 years. Comparison of their baseline scores with the following highest scores for HADS is given in Table  1 . There was no significant difference in anxiety and depression scores between females and males at any time. No correlation was detected between age and depression or anxiety scores during follow-up. As the number of the patients, who were at risk for depression or anxiety disorder, was very low for each treatment group, the comparison between baseline and following visit results of these variables are made for the whole group (Table 1) .
Eight patients using PROD and nine patients using L/S filled the HADS both at the beginning of the treatment and at the first month. Among these 17 patients; three (37.5%) patients using PROD and five (55.6%) patients using L/S were female. The average age of PROD group was 54.63±10.11 and of L/S group was 61.67±9.45 years. There was no significant difference between baseline and the first-month visit HADS scores while there was a significant decrement in the viral load ( Table 2 ). As the number of patients, who were at risk for depression or anxiety disorder, was very low for each treatment group, the comparison between baseline and first-month results for these variables were made for the whole group. Among 42, 18 patients completed the ASEX questionnaire at the baseline and at least in one of the following visits within six months. All the patients, who answered the questions of ASEX, filled in HADS also. Therefore, ASEX and HADS results of these 18 patients are given together in Table 3 . Among these 18 patients, three (30%) patients using PROD and four (50%) patients using L/S were female. The average age of PROD group was 52.8±10.34 and of L/S group was 56.38±12.27 years. There was no significant difference between baseline and following highest ASEX scores whereas there was a significant decrement in the viral load. Women had higher ASEX scores (16.71±3.86) than men (12.18±3.37) (p=0.018, t=2.631) at the baseline assessment, although there was no significant difference in terms of gender during the treatment period. No correlation was detected between ASEX scores and age or viral load at the baseline assessment and during follow-up. Eight (61.5%) patients with sexual dysfunction at the baseline assessment also had anxiety risk. During the followup period, all the patients with anxiety risk and depression risk also had sexual dysfunction.
Eight patients using PROD and four patients using L/S filled the ASEX both at the beginning of the treatment and at the first month. Among these 12 patients, three (37.5%) patients using PROD and two (50%) patients using L/S were female. The average age of PROD group was 54.63±10.11 and of L/S group was 56±6.53 years. Comparison of their baseline scores with the first-month scores for ASEX is given in Table 4 . As there were only four patients in L/S group, statistical analysis for the comparison between baseline and first-month measurements is made for the whole group. All the patients with anxiety risk and depression risk at the first-month assessment had also sexual dysfunction. However, there was no correlation between ASEX scores and depression or anxiety scores neither at the baseline assessment nor at the firstmonth assessment.
Discussion
Health-care costs associated with hepatitis C (cirrhosis, cancer, transplantation) are increasing gradually over the years. Therefore, more effective, more tolerable, shorter and easier to use treatment regimens are needed. Today, DAAs replaced interferon and ribavirin treatment which had lower SVR with higher neuropsychiatric side effects (20, 28) . In our study, SVR was achieved in 85.7% of patients with a rapid drop in viral load in the first month of treatment. Consistent with the literature, virological failure was rare.
Our results are in line with the studies reporting that DAA treatment did not affect anxiety and depression scores (19, 20) . Although we used the highest depression or anxiety scores as following visit scores, we did not find any difference between baseline and following visit scores. Besides, consistent with the study of Gallach et al. (20) (2018), no significant differences were found in anxiety and depression scores when these variables were analyzed for age and gender. As depression was a leading side effect of interferon-containing treatments, most of the patients with psychiatric disorders could not get efficient treatments (10) . DAAs seem to have a significant advantage over interferon-based treatments for psychiatric side effects. In a retrospective cohort study, it was found that Beck Depression Inventory scores improved with sofosbuvir-based treatment (29) . DAAs are supposed to reduce extrahepatic manifestations such as fatigue and depression by reducing the systemic inflammation and immune activation secondary to HCV replication (30) . However, in our study, we did not observe an improvement in depression or anxiety scores.
To our knowledge, there is no study which investigated the sexual effects of DAAs. In our study, we found that DAAs do not affect sexual scores of the patients. However, it is noteworthy that sexual dysfunction was found in around 75% of patients at the baseline assessment and around 95% during the follow-up period. This high prevalence may be related to HCV infection itself. In a review of Karaivazoglou et al. (24) , sexual dysfunction prevalence was reported to be 19.4-88% in men and 48.7-79% in women. In a study from Turkey, sexual dysfunction was found to be in 35% of 111 sexually active, drug naive patients with HCV (31). Consistent with most of the studies investigating sexual dysfunction in HCV patients, we found a greater sexual impairment in female patients at the baseline assessment. There are contradictory results about the association between sexual functioning and psychiatric variables in patients with HCV infection. In our study, we did not find any correlation between sexual functioning scores and anxiety or depression scores. On the other hand, it is important that all the patients with anxiety disorder risk or depression risk also had sexual dysfunction during the follow-up period. We can interpret this finding as depression and anxiety disorders may have an additional effect on sexual dysfunction in HCV-infected patients during DAA treatment. Use of antidepressants and some other medications are also related to sexual dysfunction (32). As we do not know other medications of the patients, we cannot make an ultimate comment about this finding. Further studies on the sexual effect of DAA are needed.
Study Limitations
Our primary limitation is the small sample size which was limited to a single site. Secondly, due to the retrospective design of the study, we cannot rule out the potential bias related to the missing data about the previous history of mental disorders and used psychiatric medications. Although the patients with depression or anxiety disorder risk were referred to a psychiatrist, they did not apply to the consulted psychiatrist. However, they might get medical advice from another source. As we do not have information about patients' use of psychotropic medication, we could not make a further analysis by omitting the patients who had psychiatric treatment. This shortage leads to a significant limitation. On the other hand, this is reflective of a real-life setting, as psychiatric patients keep their illness (including substance abuse) as a secret mostly, in Turkey. Additionally, treatment adherence of the patients was not asked. Besides, there may be a significant difference between the patients who completed the questionnaires and who did not, in terms of psychiatric status. Also, our findings are limited to PROD and L/S regimens, which may not be generalizable to other DAA agents. Another major limitation is using only self-report questionnaires. Further prospective studies with structured or semi-structured interview supplying comprehensive clinical assessment will improve our knowledge. Lastly, data about other factors which can be related to psychiatric conditions such as anemia, hypothyroidism or vitamin B12 deficiency are missing.
Conclusion
Studies focused on psychiatric adverse effects of DAAs in the real world are lacking and one strength of this study is providing findings from routine clinical practice. Our results reinforce the evidence that DAAs are well tolerated and characterized by having no effect on anxiety, depression levels or sexual health of the patients. Further prospective studies with larger patient samples are needed to enhance our knowledge about the safety of DAAs in the psychiatric area.
